The aim of the study was to examine the association between levels of past and current alcohol consumption and all-cause and liver-related mortality among people living with HIV (PLWH).
Background
Alcohol use is prevalent among individuals living with HIV, and is associated with decreased medication adherence and lower viral suppression [1, 2] . It is also associated with accelerated liver fibrosis among both HIV monoinfected and HIV and hepatitis C virus (HCV) coinfected individuals [3] [4] [5] . Heavy/hazardous alcohol use, often defined in the literature dichotomously as either present or absent, has also been shown to be associated with increased overall [6] [7] [8] [9] [10] and liver-related [6, 11] mortality among HIV-infected populations.
Although data support an overall increase in mortality among individuals with heavy/hazardous alcohol use, there are fewer studies on how past alcohol consumption or current moderate consumption affect overall and liverrelated mortality among persons living with HIV (PLWH). Furthermore, among PLWH, it is unknown whether the relationship between alcohol use and overall and causespecific mortality is U-shaped, as in the general population [12] , or if the relationships differ. Finally, prior studies of liver-related mortality have not accounted for competing causes of death. To further clarify the relationship between alcohol consumption and liver-related mortality, we must account for the possibility of dying from other causes, which can be addressed using competing risk methodology.
Given the current state of the literature on alcohol use and overall and liver-related mortality, we examined the relationships between current and past alcohol use and (1) all-cause mortality and (2) liver-related mortality. We hypothesized that heavy alcohol use would be associated with an increase in both all-cause mortality and liverrelated mortality. We used a competing risks analysis strategy to properly quantify the risk of mortality associated with moderate and heavy alcohol consumption.
Methods

Study design and population
This was a prospective cohort study of HIV-infected adults enrolled in the Johns Hopkins HIV Clinical Cohort (JHHCC). The JHHCC is a longitudinal cohort of PLWH receiving care in the Johns Hopkins HIV Clinic. Data are abstracted by trained staff at 6-month intervals and include demographic, clinical, and pharmacy data. Laboratory data are obtained electronically. A description of the data collection methods for the JHHCC has been published elsewhere [13] .
In July 2000, an audio computer-assisted self-interview (ACASI) collecting patient-reported outcomes was added to the data collection procedures of the JHHCC [2] . The survey queries alcohol use, illicit drug use, cigarette use, and adherence to antiretroviral therapy over the prior 6 months. Written informed consent is obtained to enroll participants. The Johns Hopkins University School of Medicine Institutional Review Board approved this study.
Study inclusion/exclusion criteria
We included all individuals enrolling in the Johns Hopkins HIV Cohort between July 2000 and August 2012. All study participants with at least one ACASI subsequent to or within 1 year prior to their first medical record abstraction of alcohol use [median time between medical record abstraction and ACASI = 364 days; interquartile range (IQR) 204-731 days] were included in the study (n = 1904). Participants with missing baseline covariate information were excluded from the analysis. The final study sample included 1855 individuals.
Outcome variable
The primary outcome of interest was liver-related death, with competing outcomes defined as death from any other cause. Date of death was ascertained using the National Death Index (NDI) and the Social Security Death Index. Cause of death was obtained from autopsy reports and the NDI. Other sources of cause of death included medical record abstraction and provider report. Liver-related mortality was defined as a diagnosis of "chronic liver disease", "cirrhosis", "end-stage liver disease", "oesophageal varices", "viral hepatitis (including chronic hepatitis C and chronic hepatitis B)", "malignant neoplasm of the liver", "hepatocellular carcinoma", "hepatic failure", "hepatorenal syndrome", "hepatic coma", "hepatic encephalopathy", "alcoholic liver disease", and "portal hypertension" documented as the primary cause or one of the underlying causes of death in the documents above.
Ascertainment and categorization of alcohol use
We ascertained alcohol use by two methods: self-report on an ACASI and medical record abstraction of the participant's first clinic visit. On the ACASI, participants self-reported the average number of drinks consumed per typical drinking day and the number of days alcohol was consumed in a typical week over the past 6 months. Individuals' drinking status was categorized using the National Institute on Alcohol Abuse and Alcoholism (NIAAA) definition for heavy/hazardous drinking: > 4 drinks per day or > 14 drinks per week for men and > 3 drinks per day or > 7 drinks per week for women [14] . Individuals consuming any alcohol less than this were classified as moderate drinkers, and those who reported no drinking were categorized as nondrinkers. This variable determined the self-reported current consumption measure used in the analysis.
As the second component of the alcohol categorization, we used data abstracted from the medical record by trained abstractors. As described previously [10] , medical providers completed a standard history and physical form at each participant's first clinic visit. Trained coders then abstracted baseline alcohol use. Current alcohol use was defined as provider documentation of any use within the 6 months prior to clinic enrolment; past use was defined as use more than 6 months prior to enrolment but none in the past 6 months. Current alcohol use was then categorized as occasional or heavy. Heavy/hazardous drinking included quantities of > 3 or 4 drinks (for women and men, respectively) per occasion, or daily drinking of > 1 drink per day for women or > 2 drinks per day for men [14] . Based on medical record abstraction, drinking was categorized as: no history of heavy drinking, history of drinking > 6 months ago, or history of heavy drinking within the past 6 months. We did not create an occasional category, as this was not documented frequently by providers.
The combination of self-reported alcohol consumption and provider documentation of heavy drinking were used as the primary exposure for the analysis. We classified the exposure into seven categories: (1) self-reported nondrinker with documented heavy drinking within the past 6 months; (2) self-reported nondrinker with documented past drinking; (3) self-reported nondrinker with no history of heavy drinking; (4) self-reported moderate drinker with documented heavy drinking within the past 6 months; (5) self-reported moderate drinker with documented past drinking; (6) self-reported moderate drinker with no history of heavy drinking; (7) self-reported heavy drinker. All self-reported heavy drinkers were grouped into the same category without regard to provider documentation of drinking status.
Covariates
All covariates included in the analysis were measured at study baseline, defined as the date of clinic entry. Age was treated as a continuous variable modelled using cubic splines with two knots located at the 18th and 78th percentiles. Dichotomous covariates (abstracted from the medical record or from laboratory studies) included diabetes, HCV coinfection, antiretroviral therapy use, and viral suppression (HIV RNA ≤ 50 HIV-1 RNA copies/mL 
Survival analysis structure
We conducted a time-to-event analysis with the time origin defined as the time at which individuals entered clinical care within the Johns Hopkins HIV clinic. People were not considered at risk until both the provider alcohol assessment and at least one ACASI had been completed; therefore, late entries were permitted in the analysis. Individuals exited the study upon death (from any cause) or loss to follow-up or were administratively censored on 20 March 2013.
Statistical analysis
The exposure was categorized into seven groups based on a combination of the ACASI self-reported alcohol consumption variable and the provider-documented heavy drinking variable, as described above. To control for potential confounding, inverse probability weights (IPWs) were used, which may be considered a way of multivariate standardization to the total sample [15] [16] [17] . IPWs standardize the observed population to a pseudo-population unconfounded by measured covariates by weighting each observation by the inverse of the conditional probability that the individual received the observed treatment. Confounding was addressed through weighting because the large number of confounders and relatively small number of events made it impractical to adjust for all covariates in a regression model. Weights were constructed by regressing the drinking variable on covariates using a multinomial logistic regression model [18] . All exposure and covariate measurements were taken at baseline and did not time-vary.
Crude and IPW-adjusted incidence rates were determined for all-cause mortality, liver-related mortality, and non-liver-related mortality. The incidence rates provide a basic understanding of the hazards and the cause-specific incidence rates may provide further information on the potential impact of competing events [19] .
For all cause-mortality, a Cox proportional hazards model was used. We tested the proportionality hazard assumption and found evidence of global deviation from proportionality [20] . However, this deviation was quantitative in nature and not qualitative and therefore the hazard ratios (HRs) may be interpreted as time-averaged. A crude Cox proportional hazards model was fitted to the data with all-cause mortality as the outcome and baseline drinking status as a predictor. The crude model was then adjusted for potential confounders using the inverse probability weights described above. The IPW adjusted for age, sex, race, diabetes, HCV coinfection, antiretroviral therapy use, viral suppression, HIV risk factor, nadir CD4 count, smoking status and illicit drug use. Robust standard errors were utilized to account for the weights in the model.
Recent recommendations for competing risk methods are to examine both cause-specific HRs for the event and competing events and cumulative incidence functions for all events in order to have a better understanding of the event processes [21] [22] [23] . Therefore, cause-specific proportional hazards models were evaluated for both liver-related and non-liver-related causes of death. The cause-specific hazards and HRs may be interpreted as momentary forces acting to push individuals towards the corresponding event (i.e. liver-related mortality or nonliver-related mortality). Both crude models and IPW models were evaluated.
However, because the cause-specific HR may not be interpreted as having a direct relationship to the probability of event, we utilized a nonparametric estimator of the cumulative incidence function [21, 22, 24] . This provides the probability of the event occurrence as a function of time. The IPWs were used to weight the cumulative incidence functions to adjust for potential confounders. Furthermore, we utilized the subdistribution proportional hazards model to obtain subdistribution hazard ratios (SHRs) [25] . The SHRs are directly related to the cumulative incidence curves in competing risk analyses [21, 23] .
Results
The final study sample included 1855 individuals with a median age at clinic entry of 44.0 years (IQR 36.9-50.0 years). The majority of individuals were black (81%) and male (41% male non-MSM and 22% MSM). At clinic entry, 45% reported having hepatitis C, 8% had diabetes, 75% had ever been smokers, and 63% were either current or former users of illicit drugs. The most common HIV risk status was high-risk heterosexual (40%), followed by IDU (35%). Only 55% of individuals were taking antiretroviral therapy and 48% were virally suppressed, which may be explained by the ascertainment of these variables at clinic entry. Nadir CD4 count was < 200 cells/lL for 60% of the study sample. Providers documented heavy drinking within the past 6 months for 19% of the sample, and documented past drinking for 16% of the sample. Fifty-six per cent of individuals were self-reported nondrinkers. Baseline characteristics are provided in Table 1 .
All-cause mortality
There were 304 deaths observed among the 1855 individuals during the study period. The all-cause mortality rate among the entire study population was 43.0 deaths per 1000 person-years. All-cause mortality was lowest among self-reported moderate drinkers with no history of heavy drinking (23.0 deaths per 1000 person-years) and highest among self-reported nondrinkers with providerdocumented heavy drinking within the past 6 months (85.4 deaths per 1000 person-years). Figure 1 displays the KaplanÀMeier survival curves for each exposure category. The seven mortality curves were found to be statistically different based on a log-rank test (P = 0.0001). Table 2 displays the crude and adjusted cumulative mortality rates for each exposure category. Together, these data show a higher mortality rate among those with self-reported heavy drinking and those of all selfreported drinking statuses who had provider-documented drinking.
Based on an adjusted Cox proportional hazards model, individuals who reported moderate drinking on the ACASI and had no history of heavy drinking had a statistically significantly lower hazard of mortality compared with all other drinking categories; this group served as the reference group for the model. Compared with this moderate-drinking group, self-reported nondrinkers with provider-documented recent heavy or past drinking had over 2.5 times the hazard for death [HR = 3.76; 95% confidence interval (CI) 2.31-6.12 for those with heavy drinking within the past 6 months; HR = 2.61; 95% CI: 1.62-4.21 for those with past drinking]. Self-reported nondrinkers with no history of heavy drinking had a 50% higher hazard of death (HR = 1.57; 95% CI: 1.05-2.33). Both groups of self-reported moderate drinkers with provider-documented drinking and all self-reported heavy drinkers had approximately twice the hazard of mortality compared with the reference group HR = 1.82 (95% CI: 1.03-3.22) and HR = 2.23 (95% CI: 1.22-4.06) for self-reported moderate drinkers with recent heavy drinking and past drinking, respectively; HR = 1.93 (95% CI: 1.19-3.12) for all self-reported heavy drinkers] (Table 3) .
Liver-related mortality
Of the 304 total deaths, 48 were found to be liver-related. The liver-related mortality rate at 13 years post-study enrolment ranged from 3.4 per 1000 person-years (95% CI: 1.4-10.6 per 1000 person-years) among moderate drinkers without a heavy drinking history to 24.3 per 1000 person-years (95% CI: 12.7-51.7 per 1000 person-years) among current nondrinkers with provider-documented heavy drinking within the past 6 months. Incidence rates for all exposure categories are shown in Table 2 and cause-specific HRs from the Cox proportional hazards model are reported in Table 4 . Briefly, the Cox model showed the lowest liver-related mortality among current self-reported moderate drinkers with no history of heavy drinking (reference group). The highest hazard for liverrelated mortality occurred among current nondrinkers with a recent history of heavy drinking (HR = 7.28; 95% CI: 2.43-21.78). All self-reported heavy drinkers and selfreported moderate drinkers with a recent history of heavy drinking also had an increased hazard of liver-related mortality compared with the reference group (HR = 3.00 and 3.52, respectively). Self-reported moderate drinkers with a history of drinking > 6 months ago, nondrinkers with a history of drinking > 6 months ago and those who never drunk had a similar hazard of liver-related mortality compared with the reference group (HR = 2.00, 1.06 and 1.15, respectively; P > 0.4).
Following a similar trend to the Cox model, the competing risk regression model showed the highest liverrelated mortality among individuals with current heavy drinking behaviour (SHR = 2.90; 95% CI: 0.91-9.30 for all self-reported heavy drinkers; SHR = 3.35; 95% CI: 0.99-11.35 for self-reported moderate drinkers with a recent history of heavy drinking; and SHR = 6.29; 95% CI: 2.09-18.96 for self-reported nondrinkers with a recent history of heavy drinking). The subdistribution hazard for liver-related mortality was not significantly increased among moderate drinkers and nondrinkers with a history of drinking > 6 months ago or among nondrinkers with no history of heavy drinking. The cumulative incidences of liver-related and non-liver-related mortality are shown in Figure 2 . CI, confidence interval. *Self-reported alcohol consumption at study entry as reported in the audio computer-assisted self-interview (ACASI). † Drinking status at study entry as documented in the medical records. ‡ Adjusted for age, sex, race, diabetes, hepatitis C virus coinfection, antiretroviral therapy use, viral suppression, HIV risk factor, nadir CD4 count, smoking status and illicit drug use through the use of inverse probability weights.
Discussion
In this longitudinal study of PLWH enrolled in care, we found that heavy alcohol use, captured either by ACASI self-report or through provider documentation, was associated with an increased risk of all-cause mortality compared with moderate alcohol use. Self-reported or provider-documented heavy alcohol use was associated with increased risk of liver-related mortality compared with moderate alcohol use; however, past use (> 6 months prior to the visit) was not associated with an increased risk of liver-related mortality. These findings suggest that the risk of liver-related mortality may decrease among those who discontinue heavy alcohol use. This has clinical implications for treating individuals who exhibit hazardous drinking behaviour, as the risk of liver-related mortality could approach that of neverhazardous drinkers upon refraining from excess alcohol use.
Our finding that heavy alcohol use is associated with an increased risk of all-cause mortality is consistent with findings of DeLorenze et al. [8] Using ICD-9 fibrosis-4 (FIB-4) (International Classification of Diseases, Ninth Revision) diagnosis codes for alcohol abuse/dependence, they too found an association between alcohol abuse or dependence and all-cause mortality that persisted after adjusting for the presence of other substance abuse, HIV viral load, and standard demographic factors. DeLorenze et al. examined a population of commercially insured individuals with diagnosed substance use disorders in northern California. Their study population was 90% male and nearly 60% white. Our study extends their findings regarding all-cause mortality to a different study population (approximately 80% black and 60% male) who were exposed to all levels of alcohol use, including moderate use and no alcohol use. We found that moderate alcohol use was associated with a decreased risk for all-cause mortality in the absence of provider-documented heavy use, which is similar to previous findings for the overall population [12] . Because of the detrimental impact of even a moderate level of alcohol consumption on antiretroviral therapy adherence [1] , liver fibrosis measured by fibrosis-4 (FIB-4) [4] and other proximal factors, it is important to discuss potential alcohol-associated harms among those with moderate alcohol use.
In addition to examining the association between alcohol consumption and all-cause mortality, we had a particular interest in studying liver-related mortality. A recent study by Fuster et al. [26] examined both all-cause and liver-related mortality among PLWH and found that HCV infection was associated with an increase in both all-cause and liver-related mortality. However, their Self-reported alcohol consumption at study entry as reported in the audio computer-assisted self-interview (ACASI). ‡ Drinking status at study entry as documented in the medical records. § All self-reported heavy drinkers (as self-reported during ACASI) regardless of the drinking status recorded in the medical records. sample was limited to individuals with past and current alcohol problems and focused on the relationship between HCV coinfection and mortality. We extend these findings by examining all-cause and liver-related mortality among PLWH with all levels of alcohol consumption. We found that the clinical assessment (documentation of heavy drinking in the previous 6 months) was the most significant predictor of liver-related mortality and was more strongly associated with the outcome than current self-reported alcohol consumption. The clinical assessment is most sensitive to severe heavy drinking, as clinicians may neglect to document heavy drinking among individuals whose consumption fluctuates between moderate and heavy [27] . However, it is unlikely that an individual would falsely report current heavy alcohol consumption. Therefore, lack of provider documentation of heavy drinking among those who self-report heavy consumption was probably an oversight rather than a meaningful omission and prompted our decision to combine all self-reported heavy drinkers into one category. Although patient underreporting of alcohol consumption is likely to persist, providers could encourage greater openness by focusing on nonjudgmental, empathetic interactions such as those promoted in brief intervention approaches, thereby by reducing the stigma associated with self-reporting hazardous alcohol use and increasing the validity of self-reported consumption.
Although previous research has demonstrated an association between heavy alcohol consumption and an increased hazard of liver-related mortality among PLWH [6, 11] , these studies did not account for the competing nature of cause-specific mortality. In this study, we used a competing risk regression model to estimate the risk of liver-related mortality, accounting for the competing event of non-liver-related mortality. Properly accounting for competing events is important when an exposure is associated with both the event of interest and the competing event, as a standard survival model can provide Fig. 2 Liver-related (top row) and non-liver-related (bottom row) cumulative mortality by self-reported drinking status that has been categorized using the NIAAA definition as heavy drinker (left panel), moderate drinker (middle panel) and nondrinker (right panel). Moderate drinkers and nondrinkers were further split into those with no provider documentation of heavy drinking (solid line), provider-documented drinking > 6 months ago (dashed line), and provider-documented heavy drinking within the past 6 months (dash-dot-dash line).
incorrect inferences with regard to risk in these scenarios. The resulting risk estimates indicate the joint likelihood that an individual died and that the death was liverrelated, whereas traditional methods inform us about the hazard of liver-related mortality under the assumption of no competing risks. Using competing risk methodology, we continued to find an increased hazard of mortality among heavy drinkers and former drinkers compared with moderate drinkers with no history of heavy drinking.
The individuals with the worst all-cause mortality were nondrinkers with a provider documentation of heavy drinking within the past 6 months. It is likely that the sickest nondrinkers only became nondrinkers after causing irreversible damage to their health status and died shortly after quitting their heavy drinking behaviour. Conversely, individuals with a history of drinking > 6 months ago did not have a significantly increased risk of liver-related mortality compared with nondrinkers who never drank heavily. This suggests that helping individuals with heavy drinking behaviour to stop drinking could improve liver-related outcomes for high-risk individuals. Finally, it is noteworthy that nondrinkers with no history of heavy drinking had significantly higher allcause and non-liver-related mortality compared with moderate drinkers. This mirrors the U-shaped effect of alcohol on mortality that has been observed in previous studies [12] . The small number of liver-related deaths in the cohort probably prevented this pattern from being observable for liver-related mortality.
This analysis had several strengths. The longitudinal nature of the clinical cohort allowed for long follow-up, with a mean follow-up time of 4.2 years and a maximum of 12.5 years. The unique exposure categorization capitalized on the availability of both self-reported data and a clinical assessment. Also, the study cohort included both men and women, which allowed us to account for gender differences in the effect of alcohol on liver-related mortality.
There were limitations to this study. The number of liver-related deaths was small, which limited our ability to examine potential interactions within the data. A larger sample size would allow for stratification by hepatitis C status, which was also of interest in this analysis. Additionally, data analysed in this study came from a single clinic within Baltimore, which might not be representative of other urban areas. Finally, there is the potential for biased assessments of provider-documented alcohol use.
In conclusion, we found that any heavy alcohol consumption was associated with all-cause mortality among PLWH, while provider documentation of heavy alcohol use within the past 6 months was associated with liver-related mortality. Additionally, we found that mortality risk among self-reported nondrinkers varied substantially by past drinking history, indicating that selfreported current consumption alone is insufficient to assess mortality risk. Rather, a nuanced categorization of alcohol consumption using both self-report and provider assessment with determination of past and current use provides a more optimal method for examining the effects of alcohol on clinical outcomes.
